Plasma membranes of Schizophyllum commune were stabilized against fragmentation by coating protoplasts with concanavalin A (Con A). A uniform distribution of Con A over the membrane was demonstrated cytochemically. After lysis of the protoplasts in the presence of an inhibitor of proteolysis, plasma membranes were purified and, together with other subcellular fractions, assayed for chitin synthase activity. About 50% of the chitin synthase activity was associated with the plasma membranes and largely occurred in an active form. About 30% of the chitin synthase, in an inactive form, was recovered in fractions sedimenting at 40000 to 300000 g. The product of the plasma membrane-bound enzyme was shown to be a-chitin occurring as microfibrils (about 6 nm wide). The chitin synthase could not be detached from the plasma membranes by incubation with substrate and activator at 0 "C and gradient centrifugation showed that the synthesized chitin remained associated with the plasma membranes.
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by incubating these preparations with the substrate uridine-5'-diphospho-N-acetyl-~-glucosamine (UDP-GlcNAc) and the activator N-acetylglucosamine (GlcNAc) at 0 "C (Ruiz-Herrera & Bartnicki-Garcia, 1974 ; Ruiz-Herrera et al., 1975) .
Electron microscopy and high-resolution autoradiography of regenerating protoplasts of Schizophyllum commune (van der Valk & Wessels, 1976 , 1977 have shown that chitin is only synthesized in close association with the plasma membrane. The present study was undertaken to obtain more information about the localization and activity of chitin synthase in subcellular fractions of these protoplasts.
M E T H O D S
Growth of mycelium and preparation of protoplasts. Dikaryotic fruiting mycelium of Schizophyllurn commune, obtained by mating strains 140 (A41 B41) and 1-50 (A51 B51), was grown on minimal agar medium (Wessels, 1965) at 24 "C in Petri dishes placed upside down. Basidiospores accumulating on the lids were collected regularly and stored at -40 "C in sterile water. Mycelium was grown from basidiospores inoculated at a concentration of approximately 5 x 1 0 ' d-l in liquid minimal medium and incubated for 20 h at 24 "C on a gyratory shaker (New Brunswick Scientific Co.) at 250 rev. min-l. The mycelium was harvested by centrifugation (2000 g, 20 min) and washed once with 0-5 M-M~SO,. Protoplasts were prepared according to the procedure of de Vries & Wessels (1975) , except that the incubation with wall lytic enzymes and the washings of protoplasts were carried out in 0.5 M-M~SO, without added sodium maleate. Streptomycin sulphate (50 pg ml-l) and penicillin potassium (50 pg ml-l; 1585 U mg-') were added to the lytic enzymes to prevent bacterial growth.
Coating of protoplasts with concanavalin A (Con A ) . Protoplast suspensions in 0.5 M-M~SO, were diluted fivefold with HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulphonic acid)/mannitol buffer (0.05 M-HEPES, 0.5 M-mannitol, 5 mM-MgCI,; pH 6.8) and centrifuged for 5 min at 350 g. The sedimented protoplasts were carefully resuspended in 1 to 3 ml HEPES/mannitol buffer, mixed with 1 vol. HEPES/mannitol buffer containing 0.5 mg Con A ml-l with or without 5 yCi ["]Con A and incubated for 10 min at 24 "C. The protoplasts were then collected by centrifugation (5 min, 3 5 0 g ) and washed twice with HEPES/ mannitol buffer.
Preparation of plasma membranes and other subcellular fractions. Protoplasts were lysed by suspending the pelleted protoplasts in 4 ml 0.01 M-Tris/HCl containing 2 mM-EDTA, pH 7.5, to which was added 20 pl of a 120 mM solution of the protease inhibitor phenylmethylsulphonyl fluoride (PMSF) in 96 % (v/v) ethanol (Duran et al., 1975) , and passing the suspension twice through a syringe with a needle of 0.65 mm internal diameter. Part of the lysate was directly centrifuged for 1 h at 300000g. The remaining part was layered on 2 vol. 0.1 M-Tris/HCI containing 0.5 M-mannitol, 2 mM-EDTA and 0.6 mM-PMSF, pH 7.5, and centrifuged for 20 min at 6 5 0 8 . The pellet contained the majority of plasma membranes; the supernatant was differentially centrifuged at 10000, 40000, 1OOOOO and 300000g for 1 h each. All pellets were resuspended in 0.02 M-Tris/HCl containing 10 mM-MgCl,, pH 7.5, kept on ice till the end of the last run, and simultaneously assayed for chitin synthase.
Chitin synthase assay. Proteolytic activation of chitin synthase was done by adding 0.5 pg trypsin in 10 pl 0.02 M-Tris/HCl containing 10 mM-MgCl,, pH 7.5 (incubation buffer) to 200 pl of an enzyme suspension. This amount of trypsin proved to be optimal for activation. After 10 min at 24 "C, the reaction was terminated by adding 1 yg soybean trypsin inhibitor in 10 pl incubation buffer. To samples not to be activated, 20 pl incubation buffer was added. The chitin synthase reaction was started by adding 100 pl of a solution containing 125 nmol UDP-[U-14C]GlcNAc (sp.act. 0.5 pCi ymol-l) and 6 ymol GlcNAc in incubation buffer.
After 1 h incubation at 24 "C, the reaction was stopped by adding 100 p1 50 yo (w/v) trichloroacetic acid (TCA). The precipitate was collected on Whatman GF/A glass fibre discs, washed with 30 ml 5 % TCA in 20 m~-Na,p,O,. 10HzO and finally with 5 ml 96% ethanol. The filters were dried at 70 "C and the radioactivity was determined.
Protein was determined in TCA-precipitated samples by Lowry's methcd, using bovine serum albumin as a standard.
Characterization of the reaction product. The synthesized product was extracted with 1 M-NaOH (20 min at 60 "C). The alkaline extract was neutralized and alkali-soluble material was collected by precipitation with 2 vol. 96 yo ethanol. Both the alkali-soluble and alkali-insoluble fractions were hydrolysed with 6 M-HCl at 120 "C for 2 h. After drying by evaporation, the fractions were chromatographed on cellulose thin-layer plates with pyridine/ethyl acetate/acetic acid/water (36: 36: 7: 21, by vol.) as solvent.
Spots were detected by scanning for radioactivity (Berthold Diinnschicht scanner 11). Enzymic degradation was performed with chitinase (1 mg ml-l) and /3-glucosidase (1 mg ml-l) in 2 mM-sodium acetate (pH 5-8)
at 30 "C for 18 h. The solubilized material was freeze-dried and chromatographed as described above. The X-ray pattern of the alkali-insoluble product was obtained by Ni-filtered Cu-K, irradiation through a pinhole collimator 40 mm long and 0.5 mm wide.
Densitygrudient centrifugation. Samples (1 ml) were layered on 14.0ml of a linear 15 to 65% (v/v) Renografin gradient in 0.01 M-Tris/HCI, pH 7.5, and centrifuged for 27 h at 66000 g at 4 "C in a Beckman-L2 ultracentrifuge equipped with an SW27 rotor. Fractions (0.6 ml) were removed from the bottom, precipitated with 10 yo TCA, washed and dried as described above and assayed for radioactivity.
Determination of radioactivity. Filters with l'c-labelled material were placed in scintillation vials containing 8 ml toluene and 0.4% (w/v) diphenyloxazole (PPO). Bound rH]Con A was determined by first dissolving the material in 0.4 ml Soluene-100 (Packard) for 15 rnin at 60 "C before adding the toluene/PPO mixture. Radioactive samples from the density gradient centrifugation containing both aH and 14C were burnt in a Tri-Carb sample oxidizer (Packard) and then 3H and were counted separately according to the instructions of the manufacturer. The monophase-containing vials were supplemented with sodium thiosulphate [0-15 ml of a 50% (w/v) solution] to reduce the quenching by iodine which was liberated from Renografin during the burning procedure.
Electron microscopy. Protoplasts, with or without attached Con A, were prefixed for 5 min at 4 "C with containing 5 m-MgC1, and 0.05 M-mannitol (pH 6.8 ; 0.55 osmolal), dehydrated in a graded series of ethanol and embedded in Epon 812. Thin sections were examined without post-staining in a Philips EM300 electron microscope. OsO, fixation as used in the original procedure was omitted because the black precipitate formed from DAB by HRP produced enough contrast to be visualized in the electron niicroscope.
For the cytochemical identification of Con A-coated membranes in subcellular fractions, Con A-coated protoplasts were directly incubated with HRP for 5 rnin as described above without prefixation. Plasma membranes were collected (650 g) and other membranes were sedimented from the supernatant by centrifugation at 104OOOg for 1 h. Both membrane fractions were washed with 0.05 M-Tris/HCl (pH 7.5) containing 5 m~-MgCl, by centrifuging for 1 h at 104000 g, and then incubated for 5 rnin with DAB as described above. Pellets were fixed with 2.5 yo glutaraldehyde in 0-1 M-sodium cacodylate containing 5 mM-MgCl,, pH 7.4, dehydrated and embedded as described above.
For visualizing the product of chitin synthase activity, incubated samples were first extracted with 1 MNaOH (20 min at 60 "C), and then the insoluble fractions were washed with water and suspensions were placed on collodion-coated grids. They were either shadowed with platinum at an angle of 15" or negatively stained with 0.5 % (w/v) aqueous uranyl acetate.
Chemicals. Trypsin, P-glucosidase, PMSF, HRP, UDP-GlcNAc, GlcNAc and streptomycin sulphate were purchased from Sigma; pronase from Calbiochem; DAB. 4HC1 from Serva (Heidelberg, West Germany); soybean trypsin inhibitor from Boehringer ; Con A, chitinase (Streptococcus griseus) and penicillin potassium froni ICN Pharmaceuticals (Cleveland, Ohio, U.S.A.); Renografin from Schering (Berlin, West Germany); and crustacean chitin from Fluka (Buchs, Switzerland). The radiochemicals UDP-[U-14C]GlcNAc (sp.act. 200 mCi mmol-l) and [N-~ceryl-~HlCon A (sp.act. 22.5 Ci mmol-l) were obtained from The Radiochemical Centre (Amersham). Polyoxin D was a gift from the Kaken Co. (Tokyo, Japan).
R E S U L T S

Visualization of Con A binding by electron microscopy
The identification of plasma membranes among subcellular fractions of lysed Con Acoated protoplasts on the basis of the amount of Con A present in these fractions is only valid if the Con A is uniformly bound to the plasma membrane surface. To verify this, Con A-treated protoplasts were incubated with HRP and the Con A-HRP complex was visualized cytochemically. A uniform distribution of HRP activity on the protoplast surface
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All bar markers represent 5 pm. Fig. 1 . Protoplasts of Schizophyllum commune coated with concanavalin A (Con A) which was then labelled with horseradish peroxidase (HRP) and visualized by staining with diaminobenzidine (DAB). The protoplast surface is uniformly stained. Fig. 2. As Fig. 1 , except that the protoplasts were not coated with Con A. Note the absence of a DAB-positive surface staining. Fig. 3 . Plasma membrane fraction (650g pellet) of lysed protoplasts coated with Con A and labelled with HRP prior to lysis. DAB staining was carried out after fractionation. The majority of the membranes are positively stained by the DAB reaction. Fig. 4 . Membranes of lysed protoplasts obtained after sedimenting plasma membranes. The 650 g supernatant of lysed protoplasts was centrifuged at 104000 g for 1 h and stained with DAB. Note the smaller dimensions of these membranes compared with the DAB-positive plasma membranes (Fig. 3). was demonstrated, except for those regions where free Con A receptor sites were involved in agglutination of protoplasts (Fig. 1) . Protoplasts not coated with C o n A but treated with HRP did not show HRP activity on their surfaces (Fig. 2) , indicating the specificity of the reaction for Con A bound to the plasma membrane.
Osmotic lysis of protoplasts not coated with Con A produced vesiculated membrane fragments of different sizes which were difficult to separate and to identify on gradients in the centrifuge. Upon lysis of Con A-coated protoplasts, the plasma membranes appeared as practically empty ghosts as observed by phase contrast microscopy. After centrifuging through 0-5M-mannitol at 650g, the majority of membrane sheets and empty ghosts appeared in the pellet whereas small particles and some membrane fragments were present in the supernatant. Electron microscopy of subcellular fractions revealed that the 650 g pellet consisted almost exclusively of large HRP-positive membranes (Fig. 3) . The supernatant contained mainly small HRP-negative membrane fragments and small vesicles and, to some extent, HRP-positive membrane fragments (Fig. 4) . On the basis of phase contrast microscopy and the electron microscopical results, it is evident that the 650 g pellet consisted of fairly well purified plasma membranes. In addition, the results indicated that the amount of Con A present could be used to monitor the presence of plasma membranes in the subcellular fractions. Table 1 shows the distribution of rH]Con A and chitin synthase activity after fractionation of lysed protoplasts. The sum of the amounts of Con A and the sum of activities of chitin synthase in the pellets were close to 100 % of the values found for the non-fractionated crude particles. No ConA or chitin synthase activity was found in the post-300000g supernatant. The distribution of rH]Con A among the fractions indicates that almost 90 % of the plasma membranes sedimented at 650g, the rest being in the pellet obtained at 10000 g. Higher speed fractions were virtually free of plasma membranes. About 45% of the chitin synthase (as measured after activation) was associated with the 650 g pellet. If it is assumed that all chitin synthase activity in the 650g pellet is associated with plasma membranes, it can be calculated from the C3H]Con A distribution that the 10000 g pellet contained another 5 % of the plasma membrane-bound chitin synthase. Thus, 50 % of the chitin synthase of the protoplasts appeared to be bound to plasma membranes. However, if only the chitin synthase that is active without trypsin treatment is taken into account, it appears that about 90% of the active chitin synthase was associated with the plasma membranes. Whereas the trypsin treatment increased the activity of chitin synthase in the plasma membranes by only a factor of 1.7, the enzyme in the 40000 to 300000 g fractions appeared to be mainly in an inactive form with an activation factor of 30 to 40.
Distribution of Con A and chitin synthase in subcellular fractions
IdentiJication of products of plasma membrane-associated chitin synthase
Approximately 60 yo of the product of plasma membrane-associated chitin synthase activity was insoluble in 1 M-NaOH and in 0;55 M-HCl. X-ray diffraction powder diagrams 92 Ear markers represent 0.3 pm. Fig. 6 . Shadowed preparation (platinum 15") of the alkali-insoluble product of plasma membranebound chitin synthase. of the alkali-resistant product of the reaction showed a diffraction pattern characteristic of highly crystalline a-chitin, similar to those of crustacean chitin and chitin isolated from hyphal walls of Schizophyllum commune (Fig. 5) . Analysis by chromatography of the native product and the alkali-soluble and alkali-insoluble fractions after hydrolysis with 6 M-HCl revealed the presence of one mobile peak corresponding to glucosamine. After incubation of such fractions with chitinase and /3-glucosidase, 85 to 90% of the 14C activity became water-soluble. The soluble product of the enzyme reaction corresponded to N-acetylglucosamine on the chromatograms. Electron microscopy of shadowed and negatively stained preparations of the alkaliinsoluble product revealed that the synthesized material consisted of small microfibrils (6 nm wide) often arranged in thicker bundles forming networks (Figs 6 and 7) .
C. A. V E R M E U L E N , M. B. J. M. R A E V E N A N D J. G. H. W E S S E L S
Association of chitin synthesis with plasma membranes
Plasma membranes were preincubated with UDP-GlcNAc at 0 "C to determine whether chitin synthase associated with plasma membranes could be solubilized (Ruiz-Herrera & Bartnicki-Garcia, 1974). The results (Table 2) did not indicate that the enzyme became detached from the membrane. However, this did not exclude the possibility that the enzyme became detached from the membrane at a temperature permitting chitin synthesis. To investigate this possibility, plasma membranes coated with C3H]Con A were incubated with UDP-[U-14C]GlcNAc, to label synthesized chitin with 14C, and then centrifuged through a Renografin gradient. The 3H and 14C label banded at exactly the same density (Fig. Sa) , and at about the same density as C3H]Con A-coated plasma membranes not incubated with UDP-GlcNAc (not shown). Yet, the chitin synthesized on the membranes could have caused a small shift in the density of the membranes. Therefore, C3H]Con A-coated membranes not incubated with UDP-GlcNAc and membranes coated with non-labelled Con A but incubated with UDP-[U-14C]GlcNAc were mixed in the presence of polyoxin D and centrifuged together on a Renografin gradient. The polyoxin D was added to prevent any chitin synthesis on the rH]Con A-coated membranes after mixing of the two membrane preparations. Analysis of the 3H and 14C label in the gradient after centrifugation showed a small but definite shift to a higher density of the membranes that were permitted to synthesize chitin (Fig. 8 b) . When the membrane-chitin complex was treated with alkali (1 M-NaOH at 60 "C for 20 min) and then with chloroform/methanol (2: 1, v/v, at 55 "C for 30 min), the freed chitin sedimented to the bottom of the tube (Fig. 8c) . Similarly, when less drastic methods were used to disrupt the membranes, such as a treatment with chloroform/methanol alone followed by pronase digestion (1 mg ml-l for 18 h at 37 "C), the chitin also sedimented to the bottom of the tube. (c) Non-labelled Con A-coated plasma membranes were allowed to synthesize chitin ; the reaction product was treated with 1 M-NaOH (20 min at 60 "C) followed by chloroform/methanol (2: 1 , v/v, at 55 "C for 30 min) and centrifuged.
D I S C U S S I O N
The lectin Con A stabilizes the plasma membrane of wall-less mutants and protoplasts of fungi (Scarborough, 1975; Durin et al., 1975; Braun & Calderone, 1978) . This phenomenon facilitated the purification of plasma membranes from lysed protoplasts of Schizophyllum commune. However, the use of Con A as a label for the presence of plasma membrane fragments in subcellular fractions depends on the distribution of Con A receptor sites on the plasma membrane and on the exclusive binding of Con A to the plasma membrane. The distribution pattern of Con A receptor sites on cell surfaces has been shown to depend on several factors such as cell type, state of differentiation, reaction time with Con A and temperature (Smith & Revel, 1972; Nicolson, 1974; Graham et al., 1974; Burgess & Linstead, 1976; Williamson et al., 1976) . The results presented in this paper showed that under the conditions used the Con A receptor sites on the protoplasts of Schizophyllum commune visualized by the HRP labelling technique (Bernhard & Avrameas, 1971) were randomly distributed on the protoplast surface. Con A could not be detected intracellularly. The possibility that this was due to a failure of HRP to label Con A inside the protoplasts seems very remote. Con A has a molecular weight of 110000 (Huet, 1975) and was applied to intact cells, whereas the Con A-labelled cells were prefixed and then exposed to the smaller HRP molecules (mol. wt 44000). A weak DAB-positive reaction was sometimes observed in mitochondria and on vacuolar membranes, especially in protoplasts not coated with Con A. This has to be ascribed to a reaction of DAB with cytochromes and other haem proteins (Essner, 1974) .
With regard to the cellular location of chitin synthase, the results clearly showed two distinct forms of the enzyme located at different sites. A largely active chitin synthase, representing about 45 yo of the total activity, sedimented with plasma membranes. An inactive form of the enzyme, representing about 35% of the total activity, could be sedimented from post-10000 g supernatants of the lysates. The remaining 20% of the chitin synthase activity sedimented at 1OOOOg and occurred in an apparent state of activation intermediate between the enzyme in the plasma membranes and the high-speed fractions. The significance of this fraction is difficult to assess. The presence of Con A indicated that about 10% of the plasma membranes were in this fraction. However, although the cytochemical localization of Con A on the protoplasts indicated a uniform distribution of Con A over the membranes, the possibility remains that the amount of Con A bound to the membranes varied for different protoplasts. Membranes bearing relatively low amounts of Con A could be present in the 10000 g pellets. Therefore, it is possible that the fraction of plasma membranes in these pellets was actually higher than calculated on the basis of the Con A present. Alternatively, the 10000 g pellet represents yet another cellular compartment of chitin synthase. At the moment it is impossible to decide between these alternatives.
The observation that plasma membrane-associated chitin synthase was largely in an active state seems to indicate that the situation in protoplasts from Schizophyllum commune differs from that in Saccharomyces cerevisiae where plasma membrane-bound chitin synthase was found mainly in a zymogen form (Durhn et al., 1975) . In Saccharomyces cerevisiae protoplasts the presence of a zymogen of chitin synthase in the plasma membrane has been implicated in the synthesis of chitin at the site of septum formation by localized proteolytic activation of the zymogen (Cabib & Farkas, 1971) . In filamentous fungi, chitin is mainly synthesized at the apex of the growing hyphae (Bartnicki-Garcia & Lippman, 1969; Katz & Rosenberger, 1971 ; Gooday, 1971 ; van der Valk & Wessels, 1977) . Results obtained with chitin synthase preparations from protoplasts derived from apical and subapical regions of hyphae have been interpreted to indicate that apical regions contain chitin synthase in a largely activated state and that in sub-apical regions the enzyme is present as a zymogen (Archer, 1977; Isaac et al., 1978) . No evidence for such a preferential location of active enzyme and zymogen along the hyphae was obtained in the present study. The enzymic treatment of germlings of Schizophyllum commune converted virtually the whole mycelium into protoplasts which therefore were derived from both apical and sub-apical regions. Because an inhibitor of proteolysis was included during the isolation of subcellular fractions and because the chitin synthase in the high-speed fractions remained in an inactive form, it is very unlikely that proteolytic activation of plasma membranebound chitin synthase occurred during isolation of the membranes. Yet, the activation factor for the plasma membrane-bound chitin synthase was only 1.7. This makes it unlikely that protoplasts differed in the state of activation of chitin synthase in the plasma membrane reflecting their origin. Because chitin synthesis on freshly isolated protoplasts is not inhibited by cycloheximide (de Vries & Wessels, 1975) , this suggests that during the formation of protoplasts from sub-apical regions chitin synthase was either activated if present in an inactive form in the plasma membrane or newly incorporated into the plasma membrane.
The results of this study further show that in contrast to the plasma membrane-bound enzyme (about 50 yo), the chitin synthase not associated with the plasma membrane largely occurred in an inactive state. The presence of such an inactive enzyme has also been demonstrated in 54000g supernatants from cell-free extracts from yeast cells of Mucor rouxii, where it was associated with identifiable particles called chitosomes (Ruiz-Herrera et al., 1975; Bracker et al., 1976) . The role of these chitosomes in chitin synthesis has not yet been elucidated but it was suggested that they are extruded through the plasma membrane
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to initiate the synthesis of chitin in the wall. Although the presence of chitosomes in protoplasts of SchizophyZZum commune has not been established, it is possible that the inactive form of chitin synthase in the high-speed fractions is represented by such structures. The results do not, however, indicate that chitin synthase is extruded through the plasma membrane, which appeared to be the only site of chitin synthesis. Firstly, it was found that in vivo chitin synthesis occurred in close association with the plasma membrane (van der Valk & Wessels, 1976 . Secondly, the present study showed that the chitin synthase associated with the plasma membrane was not released during exposure to substrate and activator at low temperature and that chitin produced on isolated plasma membranes remained associated with the membranes. It is possible that the inactive enzyme represents the cytoplasmic transport form of chitin synthase after synthesis of the enzyme. Its inactivity may preclude the synthesis of chitin within the cell before incorporation and activation of the enzyme in the plasma membrane.
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